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OF A TURBOJET ENGINE WITH FIXED-AREA TATL-PIPE NOZZLE

By Robert 0. Dietz, Jr. and Richard P. Krebs

SUMMARY

The results of an analytical investigation showed that the
inlet of a turbojet engine can be protected fromice accretions by
bl eedi ng hot gases from other locations withfn the engine to the
inlet wthout undue loss in thrust. The bl eedback required and
the thrust |osses entafled by such a process were calculated. The
anal ysis was nmade for a turbojet engine operating at rated engine
speed and sea-level-pressure, zero-flight-speed condftions. The
ambient-air condftions of the investigation covered a range of
tenperatures from-40° to 38° F at |iquid-water contents of 1.0
and 2.3 grams per cubic neter. Bleedback fromthe combustion
chamber was preferable to tail-pi pe bleedback because the pressure
was greater, |less bleedback was required, and smaller thrust
losses resulted. The thrust available at teke-off fromen engine
protected against icing conditions in tenperatures as |ow as -40° F
with liquid-water contents as high as 2.5 grams per cubic meter
exceeded the thrust available from the same engine in an embient-
air tenperature of 100° F.

| NTRODUCTI ON

A satisfactory means Of preventing ice formation at the inlet
of a turbojet emgine must be found before the turbojet-powered air-
craft cam be considered an all-weather airplane, One solution that
has been advanced is the ducting of hot gases fromeither the com
bustion chamber or the tail pipe of the engine to the engine inlet.
The gases mx with and sufficiently heat the air to eliminate icCe
formations or reduce themto a safe [imt.

One phase of the hot-gas bl eedback problem has been anal yti-
cally investigated at the NACA Lewi s |aboratory. A conpanion
experinental investigation is reported in reference 1. The bleed-
back required and the thrust |osses entailed by such a process
have been calculated for three different criterions for ice
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prevention. The analysis was nade for a turbojet engine operating
at rated engine speed and sea-level-pressure, zero-flight-speed
conditions. The ambient-air conditions of the investigation
covered a range of tenperatures from-40° to 38° F at |iquid-water
contents of 1.0 and 2.5 grams per cubic neter. Both the combustion
chanmber and the tail pipe were considered as sources of the hot gas

ANATLYSIS

lce formation is nost likely to occur in the restricted pas-
sages of the engine inlet where the air velocity is highest. This
maxi mum vel ocity was assumed to be in the conpressor-inlet guide
or turning vanes. Icing may be encountered with noist air at an
anbi ent tenperature greater than 32° F, when the increased velocity
depresses the static tenperature in the restricted passages, and
wat er droplets may condense and freeze on the guide vanes.

Criterions for ice prevention. ~ Ice formations in the inlet
of a turbojet engine may be prevented by heating the aiy until the
tenperatures of the guide vanes and the walls exceed 32" F. If
t he initial air temperatureis| ow, the addition of heat nmay evap-
orate all the free water at a tenperature below 32° F. Icing
nith therefore be avoided by heating the air until either the
wal | tenperatures exceed 32° F or the dew point is exceeded.

A nodification of the second alternative is to heat the air
until the tenperature in the bound& |ayer exceeds the dew point.
In such a case the tenperature of the air in the center of the
passage will be below the dew point and subfreezing droplets of
water will be thrown into the boundary layer. |If the evaporation
rate exceeds the rate of water impingement,no ice till form

Some doubt exists that heating the air until the tenperature
of the main stream or the boundary |ayer exceeds the dew point
will always be effective, because the time available for heating
the water droplets may be insufficient for conplete evaporation
An experinental investigation reported in reference 2 shows that
ice accretions form at tenperatures above the dew point of the
boundary | ayer.

Because of the sparse experinental evidence available as to
the conditions under which inlet icing will occur, three analyses
of the use of hot bleedback gases for ice prevention based on the
followng criterions have been nade
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A. The additionof sufficient heattothe inmlet air to main-
tain the tenperature of the boundary-layer air and the
conpressor-inl et turning-vane wall above freezing
(T, = 32° F)

B. The addition of sufficient heat to the Inlet air to raise
t he temperature of theboundary-layer air in the
conpressor-inlet turning vanes to the dew point (T =
dewpoi nt tenperature)

C. The addition of sufficient heat to the inlet air to nain-
tain the static tenperature of the air streamin the
compressor-inlet turning vanes at the dew point (tg
dew poi nt tenperature)

Sources of heat for ice prevention. - Hot gases extracted
fromvarious locations I n the turboLet engine and bl ed back into
the engine inlet serve as a source of heat, mixing with the inlet
air and preventing ice accretions. Two bleedoff locations were
investigated in the analysis: (1) combustion-chember bleedoff
upstream of the turbine nozzle, and (2) teil-pipe bleedoff down-
stream of the turbine outlet. The hot gases were assumed to be
ducted fromthese two bleedoff | ocations to the front of the engine,
where they were nmixed with the intet air through high-velocity jets.
The efficacy of such a nethod of mixing hot and cold gases is illus-
trated in reference 2.

The experimental data for a typical turbojet engine (fig. 1)
show the pressure ratio available to force the hot gases Into the
inlet air. At the combustion chamber the pressure is sufficient
over a wide range of engine speeds to provide penetrating jets;
whereas, sonic |et velocities, necessary for good mixing, cannot
be obtained at any engine speed fromtail-pipe bl eedback. Cases
bled fromthe turbine inlet have a higher heat content then those
bl ed from-the tail pipe. In order to supply a given anount of
heat to the inlet air, less gas would therefore be needed from
conbusti on- chanber bleedback thanfromtail - pi pe bl eedback

Fli ght and engi ne operating conditions. - Flight conditions
‘corresponding to sea-level pressure and zero rampressure ratio
were chosen for this analysis. Ar temperatures from-40°to
38° F with two liquid-water contents of 1.0 and 2.5 grams per
cubic neter at the compressor-iniet gui de vanes were considered.
The flight conditions approximated flight attitudes in which icing
is a serious problem that is, take-off, elimb, and | etdown. The
two |iquid-water contents chosen are those Iisted by Lewis (ref-
erence 3) as maximums for |[ong and short flight conditions, respec-
tively, Increased by 25 percent to cover the effect of scooping at
t he engine i nl et.
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The follow ng engine operating conditions were assumed

(1) Rated engine speed

(2) Constant conpressor and turbine efficiency

(3) Constant combustion-chamber pressure-|oss ratio

(4) Constant-area tail-pipe nozzle

(5) Zero pressure losses in diffuser and tail pipe

(6) Monentumpressure loss due to mxing of bleedback gases

and air stream negl ected

(7) Enthalpy rise across conpressor equal to enthal py drop
across turbine

(8) Effect of fuel weight neglected

(9) Effect onspecific heat of conbustion products intro-
duced at engine inlet neglected

St should be enphasized that the results presented are for a
constant-area tail-pipe nozzle. A discussion of the effect of a
variabl e-area nozzle Is included in the follow ng section

The methods of cal culation for the analysis are given in the
appendi x.

RESULTS

The results of the analysis are presented in terns of the
bleedback requirements and the effect of bl eedback on the engine
thrust ratio. The discussion centers around the variation of
these two factors with the ice-protection criterion, the liquid-
wat er content, and the location from which hot gas is bled

Bleedbackr equi renents. - As a result of the hi?h air velocity
in the guide vanes, the wall tenperatures are 8% cooler than the
ambientair. lce protection is therefore required at embient-air

t enper at ures bel ow 38° F.

In figure 2 the amount of bleedback required for maintaining
the wall tenperature at freezing (criterion A), the well tenpera-
ture at the dew point (criterion B), and the static-air temperature

601
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in the turning vanes at the dew point (criterion C) are compared at
anbi ent-air tenmperatures between -40° end 38° F. The bl eedback
requi rements fromeither the conmbustion chember (fig. 2(a)) or the
tail pipe (fig. 2(p)) are smallest for criterion B _except at tenpera-
tures .in the approxi mate range between 26° and 38° F. As pre-
viously pointed out, however, sonme doubt exists that bleedback
according to criterion B is sufficient to prevent icing. The

bl eedback required to maintain the static tenperature of air
initially containing 1.0 gramof free water per cubic neter, above
the dew point (criterion C) is higher than that required for
criterion A except at tenperatures bel ow approxi mtely -15° F

At |ower tenperatures, the bleedback requirenents for the two
criterions are approximately equal. Wen the initial Iiquid-water
content is 2.5 grans per cubic meter, the bleedback requirenents
for criterion A are less than for criterion C at all temperatures

i nvestigated

In view of the theoretical results just given and the limted
experience reported in reference 2, it is tentatively concluded
that hot-gas bl eedback requirements shoul d be based on naintaining
the tenmperature of the col dest point on the turning vanes above
freezing (criterion A),

At altitudes higher than sea |evel, assuned in the calcul a-
tion of figure 2, the relation between criterions A and C will
not be significantly changed

Increasing the liquid-water content of the air increases the
bl eedback requirenents, as shown in figure 2. In the case where
the guide-vane walls are heated above the freezin? point, the
water content of the air has a relatively mnor effect on bleed-
back requirenents because the heat requirements arelargely con-
vective. At 0° F, increasing the liquid-water content from1.0
to 2.5 grams per cubic neter increases the bl eedback requirements
from0.028 to 0.031 (criterion A). For those cases in which the
dew point i s involved, consi derabl e i ncrease In bl eedback is
required with an increase in |iquid-water content

The bl eedback requirenents according to any of the three
criterions are smaller fromthe combustion chanber than fromthe
tail pipe (fig. 3), as was expected. At an anbient-air tenpera-
ture of 0° F and a liquid-water content of 1.0 gram per cubic
neter, the bl eedbacks from conbustion chamber and tail pipe
required to maintain a wall tenperature of 32° F (criterion A)
were 0.028 and 0.040, respectively.

Engi ne _performance. - Bl eedhack ifce prevention decreases
thrust-in tWO WayS. The conpressor-inlet tenperature is raised
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and gas is bled fromthe cycle. The effects of both of these fac-
tors on jet thrust are shown in figure 4, where the compressor-
inlet tenperature and the gasbled fromthe engine have been varied
i ndependently and the tail-pipe nozzle area and the engine speed
have been held fixed

Bleeding air fromthe tail pipe produces a nmuch greater thrust
| oss than bleeding fromthe conbustion chamber. This difference
results principally from a marked decrease in turbine-outlet tem
perature when gas is bled fromthe tail pipe; whereas bl eeding from
t he combustion chanber resultsin an increase in turbine-outlet tem
perature. Calculation and experiment (reference 2, fig. 10) have
shown that the nonentumpressure |oss due to the mxing of the hot
jets and the air streamresults in less than a 0.02 decrease in the
total -pressure ratio across the diffuser for bleedbacks up to 0.05.
Fromreference 4 1% was conputed that such a pressure |oss woul d
reduce the jet thrust about 0.03.

Thrust | osses accompanying i ce protection are presented in fig-
ure 5 asa thrust ratio, that is, the ratio of engine thrust with
bl eedback to the thrust of the engine without bl eedback, but oper-
ating at-a conpressor-inlet tenperature equal to the anbient-air
tenperature. Figure 5 was prepared fromfigure 4 in conjunction
' figure 2. The qualitative trends of the thrust-ratio curves
may be predictedfromthe bl eedback curves of figure 2. Criterion A
gives smaller thrust |oases than criterion C at all tenperatures
above =15° F, and snaller | osses than criterion B at tenperatures

above approximately 30° F.

The effect of changes in liquid-water content on thrust ratio
is also illustrated in figure 5. An increase of |iquid-water con-
tent from1.0 to 2.5 grams per cubic nmeter does not reduce the thrust
ratio nore than 0.05 for any of the criterions if' conbustion-chanber
bl eedback is used. The change in bl eedback requirenents with water
content is least for criterion A and the change in thrust ratio is
about 0. 005.

A conparison of the thrust |osses with conbustion-chanber and
tail-pipe bleedbacks is given in figure 6. At an anbient-air tem-
perature of 0° F and a |iquid-water content of 1.0 gram per cubic
meter, heating the inlet air until the wall tenperature reaches
320 F results in a 13-percent thrust | oss with conbustion-chanber
bl eedback and a 23-percent thrust |oss with tail-pipe bl eedback

Ef fect of nozzle area. - The conparison between the two bleed-
back systens shown i1n figure 6 woul d be sonewhat different if a
variabl e-area nozzle were used. Wen gas is bled fromthe conbus-
tion chamber of an engine with a fixed tail-pipe nozzle area
the turbine-inlet tenperature must be increased to maintain con-
stant engine speed. Because the conpressor-inlet tenperature is

60T +
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lower than that with which the 1imiting turbine-inlet temperature
is realized (59° F), however-, bleedback is possible without exceed-
ing the turbine-inlet tenperature iimit. Wth a compressor-inlet
tentorsture of 38° F, a bleedoff of 0.05 can be tolerated with a
fixed-area nozzl e.

Tai | - pi p8 bleedoff | owers the turbine-inlet temperature even
though engine speed is maintained. Replacement O 8 veriable-aresa
nozzle for the fixed-area nozzl e therefore yiel ds higher tenpera-
tures and hi gher pressures throughout the engine for either bleed-
off location. XTess bleedback will be required for a given heat
requirement 8t the inlet. Wth 8 fixed-area nozzle, however, the
turbine-inlet temperature is far |ower with tail-pi pe bleedofs
than with conbustion-chanber bleedoff and nmuch greater recoveries
in thrust can be realized with 8 variabl e-area nozzle for tail-
pi pe bleedoff than for conbustion-chanber bleedoff. Wth a
variabl e-area nozzle, tail-pipe bleedoff will appear in a much
more favorabl e |ight conpared with combustion-chamber bleedoff SO
far as the thrust ratio is concerned.

Mixing efficiency. - Because it is inpossible to have a uni-
form tenperature profile across the engine inlet when 8 system of
high-velocity jets is used to introduce the hot gases into the
inlet, some areas of the engine inlet nust be heated to a tempera-
ture above that conmputed for a given ice-protection criterion so
that all areas are above the minimm allowsble temperature. The
data plotted in figure 7 were conputed with the assunption of a
20- percent - excess hot-gas enthalpy to be required to protect al
areas of the inlet. This value corresponds to t he temperature
deviations reported in reference 2. The data presented are for
condi ti ons corresponding to the heating of the wall to 32° Fwith
conbustion-chanber bl eedback. The |iquid-water content was
1.0 grem per cubic meter. The 20-percent additional enthalpy
taken fromthe combustion chamber and put into the inlet | owers
the thrust ratio 6 percent at an ambient-air tenperature of -40° F
The loss i || thrust ratio decreases as t he ambient-air temperature
increases and beconmes zero at 38° F. At 0° F the thrust ratio is
0. 84.

Seriousness of thrust |osses. - Flight in icing conditions is
sel dom ofTong duration (reference 3) and the seriousness of thrust
| osses arising froman ice-protection system should be consi dered
inthe light of the | 0SS in maximum thrust that can be tol erated
for a short period of time. The thrust loss nay be no greater then
t hat whi ch woul d exist because of a change in ambient-ailr tenpera-
ture, a factor over which the pilot has no control. For exanple,
at take-off, the thrust loss Of an engine protected according to
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any one of the criterions discussed herein woul d be |ess than that
experienced by the engine taking off on a hot summer day at an
ampient-air tenperature of 100° F. The ratio of jet thrust for an
ice-protected engine to the thrust of the engine at an anbient-air
tenperature of 100° F is plotted against ambient-air tenperature of
the icing condition in figure 8. The data are calculated for .a
liquid-water content of 1.0 gram per cubic neter. The ratio is
greater than unity for all anbient-air tenperatures and forall ice-
protection criterions. Further calculations show that the thrust
ratio remains greater than 1.00 for |iquid-water contemnts upto
2.5 grams per cubic neter

SUMMARY OF RESULTS

An anal ytical investigation Of the t hrust losses accompanying
the bleedback of hot engine gases to the engine inlet for protection
fromice formations gave the follow ng results. These results were
based on the use of an engine with a fixed tail-pipe area, running
at constant rotational speed, and operating at sea-level pressure
and zero flight speed.

1. Bleedback fromthe conbustion chamber was superior to bleed-
back fromthe tail pip8 because of: (a) higher pressures available
for mxing hot gas and inlet air, (b) lower thrust |osses, and (c)
smal | er anounts of bl eedback required to afford the sane icing
protection

2. Athrust loss of 13 percent was estimated for ice protection
wi th conbusti on-chanber bl eedback at an anbient-air tenperature of
0° F and a liquid-water content of 1.0 gram per cubic meter. Pro-
tection was afforded by heating the inlet guide vanes to 32° F. The
addition O 20 percent nore enthalpy fromthe hot gases to take care
of poor mxing entai l'ed another J-percent loss in thrust. An
increase in liquid-water content from1.0 to 2.5 grems per cubic
neter decreased the thrust ratio about 0.005 for the conditions
gi ven.

3. The thrust available at take-off for an engine protected
against inlet icing conditions with |iquid-water contents as hi gh
as 2.5 grams per cubic neter and tenperatures as |ow as -40° F was
greater than the thrust aveilable on 8 hot day at an anbient-air
tenperature of 100° F.

Lewis Flight Propulsion Laboratory, .
National Advisory Committee for Aeronautics,
Cleveland, Chio
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A area, sq £t

cp speci fic heat at constant pressure, Btu/(1b)(°R)

Fj Jet thrust, |b

g acceleration due to gravity, 32.2 ft/secz
speci fic enthal py, Btu/ib

J mechani cal equival ent of heat, 778 £t-1b/Btu

P total pressure, 1b/sq ft absolute

P static pressure, 1b/sq ft absol ute

R gas constant, 53.4 £t-1b/{1b)(°R)

T total tenperature, °R

t static tenperature, °R
vel ocity, ft/sec

Wg gas bled off, 1b/sec

W; inlet air flow, 1b/sec

7 ratio of specific heats at constant pressure and constant

vol ume

n efficiency

o density, 1b/cu ft

Subscripts:

0 anbi ent conditions

2 conpressor inlet

APPENDIX - METHODS OF CALCULATI ON

Symbols

The following éym‘bols are used in the Cal cul ati ons:
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3 conpressor outl et
4 turbine inlet
5 tail-pipe-nozzle outlet

C conpressor
S

stream
t t ur bi ne
W wall _

Anelysis

The anal ysis was conducted in accordancewi th the assumptions
listed in the body of the report. Efficiencies assigned to the
conpressor and the turbine were 0.85and 080, respectively. The
total -pressure ratio across the conbustion chamber was assuned as
0.96. Air flow at various engine-inlet temperatures was taken from
experimental data for an engine having characteristics sinmlar to
those assumed for the analysis. An axial-flow-compressor char -
acteristic was assumed in which no change of air flow acconpani ed
a change in conpressor pressure ratio at a fixed engine-inlet air
tenperature and 8 fixed engine speed

The velocity in the turning vanes was assumed. to be 700f eet
per second. The dynam c enthalpy is given by

v _ __700x700  _
287 2 X 32.2 X778

The kinetic enthal py on the turning-vane walls was equal to the
total enthalpy decreased by 9.8 X 0.15, or 1.47 Btu. The rela-
tion between enthalples and tenperatures wes found by use of
reference 5. A total tenperature of 38°F was necessary t0 main-
tain a wal | temperature of 32°F.

9.8 Btu

General procedure. - The anal ysis was based on the assumption
that the gases bled fromthe combustion chanber or the tail pipe
were ejected fromthe engine at the |ocation in question. The
effect of injecting the hot gases into the engine inlet was affected
by the assunmption of various inlet-air tenperatures

Critical flow was assuned through the turbine nozzle and the
corrected gas fiow at the turbine inlet was assumed constant. For
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each bleedoff, calculations were nmade at vari ous assumed turbine-
inlet tenperatures to determine temperatures and pressures through-
out the engine and the corresponding velue of tail-pfpe-nozzle ares.
The turbine-inlet tenperature corresponding to the fixed-area tail-
pi pe nozzl e was then determined. Coincident values of tail-pipe
pressure and temperature were used in calculating the jet thrust.

Combustion-chamber bleedoff. - Details of the caleulation for
combustion-chamber bleedoff follow Critical flowin the turbine
nozzl e was expressed by

WiNTg7s

= const ant (1)
74P4

The constant 0.334was experimentally determ ned from an engine
havi ng characteristics similar to those used for the analysis. The
air flow was determned fromthe corrected engine speed correspond-
ing to the engine-inlet air tenperature. A series of turbine-inlet
temperatures was assumed. For each tenperature the turbine-inlet
pressure Was cal culated from

WiNT474
7, 0.334

Py = (2)

The conpressor-outlet pressure Was cal cul ated by assuming a
C-percent loss in total pressure across the conbustion chamber.

Py
P5 = 5.56 (s)

Turbine-outlet pressure Pg or tail-pipe-nozzle pressure was
calculated from the follow ng equation

7.1
i e F3 e 1
c_ .7, |1 - EE Ny = . (4)
p,t 4 Py t e

which is the energy bal ance between th8 conpressor end the turbine
if the weight of fuel added is neglected. Mnipulating the eque-
tionto obtain Py gives
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7+,

-1
7y

7e-1

MeMCp, £14

Static pressure at the tail-pipe-nozzle outlet pg was equa

to an anbient-air pressure of 2116 pounds per square foot, or the
total pressure at the tail-pipe-nozzle outlet divided by the
critical pressure ratio, depending on the existence of subsonic

or sonic velocity in the nozzle. The static pressure with subsonic

velocity in the tail-pipe nozzle was
Pg = 2116 (6a)

or with sonic velocity in the tail-pipe nozzle

py = —>— (6D)

-1

Total tenperature in the tail pipe Was cal cul ated by subtract-
ing the tenperature drop across the turbine fromthe assumed .
tur bi ne-inl et temperature. The tenperature drop across the turbine
was

Ye~1
W P:5 7e
ATy = _psc T, (L + 2 ) \Fy -1 (7)
nccP:t i 2 .

and the temperature in the tail pi p8 was found by

Ty = Ty - ATy (8)

601
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Static tenperature at the tail-pipe-nozzle outlet was obtained from
t he adisbatic rel ation

75
5 =Tg @5‘) (9)

The area of the tail-pipe nozzle was determned by use of the
followng equation for the continuity of flow

W Wit
5¥5 psl\/cp’s(TS-tg) N 2Jg

The cal cul ated values of tail-pipe-nozzle-outlet area were
plotted against turbine-inlet tenperature for one value of bleed-
off. Fromthis plot the temperature corresponding t0 the assumed
tail-pipe-nozzle-outlet area of 1.42 square feet was determ ned.
Fromthis value of T, corresponding values of Pg, Ps» and

Tc were found and used to calculate the jet thrust of the engine
with the equation

W .
Fy == A[Z38p,5(T555) (31)

This process was repeated for vari ous amounts 0f bleedoff over
a range of engine-inlet air tenperatures. A plot of the variation
of jet thrust with air tenperatures for various amounts of bleedoff
was constructed fromthe data (fig. 4).

Tai |l -pi pe bl eedoff. - Equations similar to those for combustion-
chanber bleedoff were used to conpute engineperformance with tail-
pi pe bleedoff, with the exception that in equations (1) and (2)the

W
air flow W must be nultiplied by <1+.W£) and the f act or
i

W
Q. + 'w_g') nust be elimnated from equations (4), (5), and (7).
i

Mol lier diagram for water-air mxtures. - A Mollier diagram
for water-air mxtures (reference 5) was used to calculate the heat
to be added tothe engine-inlet airto satisfy the various ice-
prevention conditions. The conpressor-inlet air tenmperature after
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the heat was added to the inlet air was al so obtained fromthe
Mollier diagram Wth the amount of heat required at the engine *
i nl et known, the amount of bleedback fromeither bleedoff station

was cal culated from =
Wg _ Bpho
£ = (12a)
Wy  bhy-hy
for conbustion chanber bleedoff or
Wg _DI2ho (12b)

Wy = hg-hyp

for tail-pip8 bleedoff. Results of these calculations are plotted
infigure 2.

Thrust |osses. - Values shown in figures 2(a) and 4(a) were
used To calculafe The thrust |osses caused by conbustion-chanber
bl eedback ice prevention. For exanple, at an ambient-air tenpera-
ture of 20° F and a liquid-water content of 1.0 gram per cubic
meter, 0.015 bl eedback fromthe conbustion chamber was m xed W th
the inlet air to raise the total tenperature at the engine inl et
to 38°F (T, = 32° F). Normal jet thrust of the engine (4340 Ib)

was obtained fromfigure 4 for zero bleedoff and a tempersture of
20°F. Jet thrust of the engine with conmbustion-chanber bleedback
(40801 b) was obtained fromfigure 4(a) for 0.025 bleedoff and a
tenperature of 38°F. The ratio of the jet thrust with bl eedback
to the normal jet thrust was 4080/4340= 0.94 (fig. 5(a)).

A simlar method using figures 2(b) and 4(b) was used to
determine the thrust ratio for tail-pipe-bleedback ice prevention.
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